Purpose: Magnetic resonance imaging (MRI) is not beneficial in patients with joint pain and concomitant osteoarthritis (OA). We attempt to determine whether evaluation of OA via X-rays can reduce inappropriate MRI and computed tomography (CT) arthrogram use. In our jurisdiction, CT arthrograms are used as surrogate tests because of MRI wait times. Materials and Methods: Our intervention required patients 55 years of age scheduled for outpatient MRI of the knee/hip/ shoulder at an urban hospital to have X-rays (weight bearing when appropriate) from within 1 year. Red flags (ie, neoplasm, infection) were identified for which MRI would be indicated regardless. Through review of radiographs on picture archiving and communication system/digital media and use of the validated Kellgren-Lawrence (KL) OA scale, radiologists assessed the presence and degree of OA. A finding of significant OA (KL > 2) without red flags would preclude MRI. Monthly averages of MRI and CT arthrogram examinations were measured 33 months before and 23 months following introduction of the intervention. Results: The proportion of protocoled MRI requisitions that were avoided was 21%. If extrapolated to the province of British Columbia, 2419 of 11 700 examinations could have been prevented in the past year. The average monthly number of knee/hip/ shoulder MRI examinations as a percentage of total MRI examinations decreased from 4.9% to 4.3% (P < .02) following the intervention. The average monthly number of knee/hip/shoulder CT arthrogram examinations decreased from 20.6 to 12.1 (P < .0001). Conclusion: We were able to decrease the number of MRI and CT arthrogram examinations in patients 55 years of age with joint pain by implementing an evaluation for OA via recent X-ray imaging.
Introduction
Osteoarthritis (OA) affects over 250 million people worldwide, 1 with the knee, hip, and shoulder being the 3 most common surgically operated joints. 2, 3 Presence of OA affects surgical options for soft tissue injury. Degenerative meniscal tears are prevalent among patients with OA, 4 but osteoarthritic knees with meniscal tears are not significantly more painful nor affect functional status more than those without tears. 5, 6 For established hip and shoulder OA, conservative treatment is followed by arthroplasty. 7, 8 regardless of etiologic factors such as femoroacetabular impingement (FAI), labral tears, and rotator cuff tears. [9] [10] [11] [12] [13] [14] [15] In concert with history and physical examination, plain film radiography is mainstay for diagnosis and assessment of progression of OA 16 and is the modality of choice for surgical decision-making. 17 Magnetic resonance imaging (MRI), however, is widely used to diagnose damage to soft tissues within the joint, such as menisci. 18 Magnetic resonance imaging often identifies pathologies unrelated to patient symptoms in the chronic setting and could result in unnecessary referral, treatment, and long wait times without active rehabilitation. 19 For example, outcomes following arthroscopic partial meniscectomy (APM), the most common surgical treatment of meniscal tear, 20, 21 are no better than without the surgery [22] [23] [24] [25] [26] [27] [28] [29] [30] for chronic degenerative meniscal tears. Many studies even show that meniscectomy itself is a risk factor for OA 28, [31] [32] [33] [34] [35] [36] [37] [38] and resultant functional limitations. 28, 39 As a result, physical and medical therapy are now recommended instead of arthroscopic surgery for knee pain 24, 25 in older patients, and because these treatment options are not directly dependent on MRI results, it eliminates the need for this imaging test. 5, 19 Projected musculoskeletal (MSK) imaging costs in 2020 for the US Medicare beneficiary population are $3.6 billion, with $2 billion coming from MRI alone. 40 From 1996 to 2005, MSK MRI increased 353.5% in the same cohort and is predicted to increase 121% from 2005 to 2020. 40 As a quality improvement (QI) initiative, the aim of this study was to decrease the volume of inappropriate joint MRI examinations in an urban hospital setting. Specifically, we hypothesized that evaluating recent radiographs of the knee, hip, and shoulder for OA in patients 55 years and older would reduce inappropriate MRI examinations.
Methods
As this study was a QI project, institutional review board approval was waived. The intervention consisted of the evaluation of recent knee, hip, and shoulder X-rays (within 1 year) for patients 55 years and older who were referred for outpatient MRI at a large urban hospital in British Columbia, Canada. If no prior radiographs were available, the referring physician was asked for imaging to be obtained ( Figure 1 ). If imaging was still not retrieved, the MRI requisition was rejected. Evaluation of radiographs was done via use of the hospital picture archiving and communication system (PACS) and digital media for studies performed outside the hospital to grade OA using the Kellgren-Lawrence (KL) OA scale. The KL scale is a validated scale 41 that categorizes the severity of OA into 5 grades. 42 X-rays of the knee and hip were required to be weight bearing, and all radiographic series consisted of at least 2 standard orthogonal views. With our protocol, if a finding of significant OA (KL > 2) 43 was found without any red flags (see below), MRI and CT arthrography would be declined, and standard conservative treatment measures for OA would be recommended. All radiographs were reviewed by MSK radiology fellows who were provided with a template of the scoring system and training regarding the purpose of the study, the use of the KL scale, and documentation using the template.
A working group was developed in part to identify red flags based on literature review 17 for which MRI would be indicated, regardless of the severity of OA (query neoplasm, infection, and fixed locked knee). This group consisted of a patient, a family physician, radiologists, orthopedic surgeons, a rheumatologist, a sports medicine physician, and project staff who provided QI support. The inclusion of a lay person provided an important perspective on acceptance of this appropriateness intervention by potential patients. Referring physicians were provided with an information package about the intervention that mentioned these red flags. The referring physician was responsible for stating a red flag within their MRI requisition.
This intervention began in October 2016, and in order to optimize workflow and reduce processing time, 4 iterative plan, do, study, act (PDSA) cycles were performed until April 2018. These PDSA cycles focused on decreasing rejection processing times, updating KL score templates, adherence of radiologists checking X-ray images and completing KL score templates promptly, and reviewing red flags before requesting reports/CDs. Requisition processing time, defined by the number of days from when the requisition was received by the hospital clerical staff to the final decision made by the MSK radiology fellow, was recorded for each PDSA cycle.
The PDSA cycle is part of the Model of Improvement by the Institute of Health Improvement. 44 It is similar to the scientific method of inquiry as it involves developing a hypothesis and performing an experiment to confirm or refute the hypothesis. The PDSA cycle differs from the traditional scientific method as it is more iterative and focuses on driving to a desired improvement aim. Small tests of change are conducted by making a prediction (plan), testing and measuring (do), comparing the prediction to the actual results (study), and make changes to the process toward the desired improvement (act).
Outcomes
To evaluate the impact of our intervention, we assessed 3 outcomes. The first was the denial rate of outpatient knee, hip, and shoulder MRI requisitions after our intervention was implemented. This was collected prospectively. The second outcome was the average, monthly number of outpatient knee, hip, and shoulder MRI examinations of patients 55 years and older, as a percentage of total MRI examinations. The third outcome was the average, monthly number of outpatient knee, hip, and shoulder CT arthrograms of patients 55 years and older. In our jurisdiction, CT arthrograms are used almost exclusively as surrogate tests for internal derangement because of long MRI wait times. For this reason, the change in the number of CT arthrograms could be considered in part a proxy for the change in the number of MRI examinations. For outcomes 2 and 3, we compared both the number of MRI examinations and the number of CT arthrograms pre-and postintervention.
Data Collection
We extracted MRI and CT records and the total number of requisitions (booked and denied), postintervention, for index joints in patients 55 years and older from the Radiology Information System (v9.94; IDX Systems Corporation, Burlington, Vermont). Preintervention data were collected retrospectively. Data were received from one urban hospital center with 2 sites. Patients were referred to hospital MRI and CT arthrogram examinations by general practitioners and specialist physicians.
To measure the first outcome, the denial rate of MRI requisitions after implementation of the intervention, we analyzed MRI requisitions in our target population from July 2017 (incorporating the first PDSA cycle) to August 2018. To measure the second and third outcomes, the average monthly number of outpatient MRI and CT examinations in our target population, we analyzed MRI and CT records from January 2014 to October 2016 (preintervention) and from October 2016 to August 2018 (postintervention; Figure 2 ).
Physician and Patient Education
We included a physician and patient education program as part of this quality initiative. An information package was distributed to all referring physicians and a similar package to all patients who were denied MRI examinations, which addressed the importance of having radiographs only for patients 55 patient has significant OA and no red flag symptoms. Treatment and pain management options for OA, such as physiotherapy and supportive medication, were outlined.
Statistical Analysis
For outcomes 2 and 3, we used the Welch 2-sample t-test to compare the mean number of MRI examinations and CT arthrograms per month preintervention and postintervention. A P value of less than .05 was considered significant.
Results
The denial rate was assessed from the 746 MRI examinations requested between July 2017 and August 2018. Within this time frame, 624 requisitions were protocolled and 122 were done elsewhere, canceled, or lost to follow-up. Of the protocolled requisitions, 21% (129/624) of protocoled MRI cases were denied after implementation of the intervention (Figure 3 ). Of the 129 patients who were denied MRI and CT examination, 10 patients had an MRI examination done of the same joint within 6 months of being denied initial examination in hospitals within the health region. In the province of British Columbia, 225 000 MRI examinations are planned to be performed in the 2018-2019 fiscal year. 45 In our health region, we observed that knee, hip, and shoulder MRI for patients 55 years and older consisted of 5.2% of total outpatient MRI. If we extrapolate the 5.2% index joint MRI examinations in our health region to the province, 11,700 of our target population joint MRI examinations will be performed in the 2018-2019 fiscal year. If our denial rate of 21% is applied to this larger figure, the projected number of MRI examinations denied would be 2419 ( Figure 3 ). From January 2014 to August 2018, 4470 MR examinations of the index joints were analyzed, of which 3523 were MRI and 957 were CT arthrogram examinations. Of the MRI examinations, 1921, 1058, and 544 examinations were of the knee, shoulder, and hip, respectively (Table 1) . When comparing preand postinterventional periods, the average monthly number of knee, hip, and shoulder MRI examinations for patients 55 years and older as a percentage of total MRI examinations significantly fell from 4.9% to 4.3% (P < .02; Figure 4 ).
The average monthly number of knee, hip, and shoulder CT arthrogram examinations decreased significantly from 20.6 to 12.1 (P < .0001) between pre-and postinterventional periods ( Figure 5 ).
Plan, Do, Study, Act Cycles
Prior to the implementation of our protocol, requisition processing time took 3 days. At the start of the protocol, the processing time significantly increased to 65 and 24 days in hospital sites 1 and 2, respectively. Following the PDSA cycles, we were able to significantly reduce the processing time to 32 and 13 days in hospital sites 1 and 2, respectively.
Discussion
Our intervention was effective in significantly decreasing the number of low value protocoled MRI cases of the knee, hip, and shoulder in an urban hospital setting. Across both sites, 129 (21%) of 624 of protocoled cases were denied ( Figure 2 ). If we extrapolate our denial rate to the province of British Columbia, 2419 of 11 700 hip, knee, and shoulder MRI cases could have theoretically been avoided in the 2018-2019 fiscal year.
Furthermore, over the study period, there was a significant decrease in the average monthly number of knee, hip, and shoulder MRI examinations performed postintervention. The amount of target MRI examinations as a percentage of total MRI examinations performed decreased from 4.9% to 4.3% (P < .02; Figure 3 ). This statistic was measured as a percentage rather than a total number due to confounding variables. Firstly, there was a general increase in the volume of MRI examinations performed across the region, including the urban hospital studied, due to significant operational funding increases. Secondly, one of the 2 hospital sites closed down their MRI services for 5 months (July 2017 to November 2017). The average monthly number of CT arthrogram examinations significantly decreased by 43%, from 21 to 12 (P < .0001; Figure 4 ). This is the first QI study to attempt to reduce the volume of low value of knee, hip, or shoulder MRI/CT arthrograms for patients with significant OA. George et al 46 demonstrated that 28% of knee MRIs and 35% to 37% of all shoulder MRIs were performed without recent radiographs. The American College of Radiology's Appropriateness Criteria (AC) indicate that initial imaging of nontraumatic knee and shoulder pain should begin with plain X-ray and that MRI is usually not appropriate. 17 It has been shown that not following these criteria can lead to inappropriate imaging. Lehnert and Bree 47 found that 14% of knee and 37% of shoulder MRIs did not follow the AC and inappropriate examinations had significantly higher odds of having negative results. They also found that of 459 general CT and MRI, 26% were inappropriate, and of those, 76% had negative results that did not affect management. Similarly, Gonzalez et al 48 discovered that 43% of nontraumatic knee MRIs were usually not appropriate according to the AC and clinical management was not affected in 80% of these cases.
With respect to the knee, the recent literature is clear with respect to the inappropriate nature of meniscal surgery for degenerative tears in older patients. Englund et al 4 have demonstrated that 67% of meniscal tears are asymptomatic. They have also demonstrated that in middle-aged and older adults, any association between knee pain and meniscal damage is because both pain and meniscal damage are related to OA and not simply because of a direct link between the 2. 49 Given symptoms are related more to OA than meniscal damage, the focus of treatment should be on physical therapy, medical therapy, and eventually joint replacement, which are evaluated in part, from the imaging standpoint, with plain X-rays.
Similar findings are present with respect to hip and shoulder OA accompanied by concomitant pathology. Comba et al 15 found that total hip arthroplasty was more effective than hip arthroscopy in FAI patients over 45 years of age or with severe hip OA. Farjo et al 9 demonstrated that arthroscopic debridement in patients with hip labral tears was less effective in patients with concomitant hip OA. Eajazi et al 14 demonstrated that rotator cuff tears in patients with advanced OA are treated with total shoulder arthroplasty or humeral hemiarthroplasty. However, there remains some disagreement in surgical literature. Osteoarthritis is the main focus of surgical treatment among concomitant internal derangement, and in concurrence with the Choosing Wisely campaign, 50, 51 we advocate for phasing out inappropriate knee, hip, and shoulder MRI in the presence of significant radiographic OA.
Cheung et al 52 recently documented that less than half of QI studies in the radiology literature use iterative cycles to refine intervention. They also reported that the use of an iterative approach, as done in our study, is associated with projects designed to improve processes, reporting unintended effects, and involving QI expert support. One of the unintended consequences considered was that patients who were denied MRI at our hospital centers could have instead requested imaging at other hospitals in the region. We observed only 10 of the 129 patients who were denied MRI and CT examination undergoing an MRI examination of the same joint, in the health region, within 6 months of being denied.
Another potential pitfall concerns patients who could be frustrated that they were not undergoing MR examination despite having joint pain. Given that patient attitudes are a significant driver for medical imaging examinations, 53 we attempted to address these concerns by providing literature to both patients and referring physicians, encouraging physicians to discuss treatment and pain management options with their patients and indicating the consensus scientific view of the lack of impact of MRI/CT in clinical decision-making in patients with significant OA. Over the study period, we received no complaints from upset patients, and anecdotally, there were only 4 instances in which referring physicians communicated with us with concerns about denials.
A strength of our study was that trained MSK radiology fellows read X-ray images, not reports, to evaluate OA using the validated KL scale. By requesting radiograph images, a reduction in the interobserver error inherent in subjective evaluation of OA 54 would be expected.
One might argue that occult fractures, such as subchondral insufficiency fractures of the knee, may be missed by denying MRI examinations for knee pain. In our hospital centers, dual energy CT is used to detect occult fractures. 55 However, because this technology is not used in all centers, occult fractures could be added to the ''red flag'' criteria that would warrant MRI.
A negative consequence of the protocol was that there was a marked increase in processing time. Due to the introduction of new workflow for referring physicians, clerical staff, and radiology fellows, the processing time significantly increased at the start of the study. The processing times were significantly reduced by the end of the PDSA cycles, although they were longer than prior to implementation of the protocol. The extended processing time at the stage was almost exclusively due to the delays with receiving digital media from nonhospital studies.
Our study has several limitations. Firstly, data were not collected regarding the results of the physician and patient education materials that were given after rejecting MRI requisition. Secondly, patients initially denied MRI examination were followed for a subsequent MRI examination for only 6 months. There may have been patients who had examinations after this point that we did not account for. We also could not observe patients who had MRI examinations in private institutions or outside our health region as we only had access to regional public data. Lastly, there was no continuous QI mechanism for addressing patient and physician feedback.
Legitimately, the presence of significant OA as the determinant of whether an MRI examination is performed in older patients can be questioned. Current guidelines and recommendations have already advocated for the reconsideration of arthroscopic knee surgery and MRI in patients with any degenerative knee conditions. 29, 56 Many other studies have shown that surgical options, such as APM, for knee pain in general are not effective, [22] [23] [24] [25] [26] [27] [28] [29] [30] and therefore, regardless of the presence of OA, MRI of the meniscus in older patients could be futile. In addition, meniscal tears are very common in the middle-aged and older population with and without radiographically confirmed OA. 4, 57 In addition, Adelani et al 58 use patients 40 years to evaluate the use of MRI for knee pain. For these reasons, one might argue that age rather than OA status would be a more practical indicator for rejection of MRI, which is corroborated by the workflow issues we encountered especially with review of OA via digital media from outside the hospital. Better results with our methodology may be possible in jurisdictions in which all radiographs can be viewed on the same PACS system. Future studies are needed to look at the effect of using age rather than OA to reject MRI.
Oren et al 59 discussed the role of radiologists as the gatekeepers of medical imaging. By regulating and consulting about what tests should be ordered, the radiologist can decrease the volume of unnecessary investigations. In the same vein, we ''balance the need for accessible imaging with the harms mediated by the overuse of tests.''
In summary, many knee, hip, and shoulder MRIs are performed in patients with OA and do not contribute to management decisions. This study demonstrated that the volume of these examinations can be significantly decreased by following imaging AC and educating patients and referring physicians.
